In this review, we show that the measurement of asymmetry in polarized electronnucleon scattering provides information about the quark structure of the nucleon. The formalism of parity-violating electron-nucleon scattering with the theoretical assumptions is presented. An experimental overview of speci c experiments with recent results as well as upcoming experiments is discussed.
Introduction
The structure of the nucleon at low energy is not well understood from the point of view of QCD. It is one of the most interesting and di cult questions in physics today.
It is commonly said that nucleons are bound states composed of three valence quarks.
However, at high momentum transfer Q 2 , the gluons and sea quark components of the nucleon are necessary to t the deep inelastic scattering data. Certain decays of the -meson suggest more strongly coupling of to the nucleon than expected on the basis of the OZI rule 1 ; these results indicate a signi cant strange quark content in the nucleon. One possible explanation of the spin structure function data is that the proton contains a sizable polarized ss component.
It is not unreasonable to study the strange quark content of the nucleon and our probes to detect this presence are the following matrix elements : a p j s s jp which is related to the sigma term in , N scattering, suggesting an unexpectedly signal for ss 2 . The contribution of the strange quark is estimated to be about 10 of the mass of the proton 3 . b p j s 5 s jp generated by spin structure data published by the EMC Collaboration in 1988 4 . The ss pairs may play an important role in the spin structure functions intensively investigated at Hermes 5 and Compass 6 . c p j s s jp provides another observable in parity violating scattering of polarized electrons on nucleons. As discussed by Kaplan and Manohar 3 , the study of neutral weak matrix elements can be used to determine the strange quark-antiquark matrix elements. From this matrix element, one can extracted informations on the strange quark contribution to the charge radius and magnetic moment of the proton. This is the purpose of the present study.
It is well known that the Standard Model SU3 c SU2 L U1 Y provides a very good description of particles interactions. Here we are talking about strong, weak and electromagnetic interactions of known particles, essentially leptons and hadrons, the latter being strongly interacting particles built from quarks and antiquarks.
In this framework SM, the exchange of intermediate gauge bosons W ; Z with masses approximatively 80 and 91 GeV c 2 , respectively and photon between particles, are responsible for various "charged and neutral currents" electro-weak interaction processes.
Neutral current e ects should be present in the interaction of electrons with matter, but are then in competition with the electromagnetic interaction, which are normally much larger, as long as the center-of-mass energies and momenta remain small compared to the W or Z masses. However, at low o r e v en moderately high energies, the large e ects of electromagnetic interactions should prevent to detect the e ects of the weak-neutral current interaction between electrons and hadrons through the interference term between electromagnetic and weak-neutral current amplitudes. Weak interaction violates the discrete symmetry of parity, which exchanges the left and right orientations in space. The interference term re ects this feature and it is then crucial to measure the parity violating asymmetry in the cross section of elastic scattering of polarized electrons on unpolarized protons. Such i n terference e ects were indeed observed in a SLAC experiment in 1978 7 , in which a small asymmetry 10 ,4 in the deep-inelastic scattering of polarized electrons on deuterium could be measured. The asymmetry measurement in elastic scattering of polarized electron beam will provide informations on the nucleon structure at low energy.
Our paper is organized as follows. In Sect. 2, the main aspects of electromagnetic form factors of the nucleon are emphasized. This allows one to introduce formalism and notations. The weak form factors are described in Sect. 3 using the formalism previously presented in Sect.2. An experimental overview is considered in sect. 4 and we summarize this report in Sect. 5.
2 Electromagnetic form factors.
In this section, we consider elastic ep scattering involving nucleon elastic form factors. The electromagnetic form factor of hadrons have still been the subject of theoretical and experimental studies. The coupling of elementary particle to the photon is determined by its charge and magnetic moment. For a composite particle, one includes the form factors which re ect the distribution of charge and current inside the particle.
We consider the elastic scattering of an electron on a proton neutron in initial state je j eP e ; s and jp j pP;S jn j nP;S respectively and nal states denoted by je 0 j eP e 0 ; s 0 and jp 0 j pP 0 ; S 0 jn 0 j nP 0 ; S 0 respectively. The four-momentum transfer is written q = P e ,P e 0 . A s w e neglect the electron mass, the expressions of the momentum transfer and the energy of the outgoing electron are simple: where M is the nucleon mass, E e E e 0 is the incident energy of the incoming outgoing electron and e 0 is the scattering angle in the laboratory. The transition amplitude associated to the exchange of a photon and which corresponds to the Feynman diagram of Fig. 1 It is clear from eq.9 and eq.10 that if one measures the elastic cross section at one angle e 0 and for one incident energy E e , one gets only a linear combination of the electric and E is required in order to extract the strange form factor without additional errors. The Galster parametrization 15 seems to work for the electric form factor of the neutron: 5 17
Where e, g are the electromagnetic and weak coupling strengths and W is the weak mixing angle. The three accurate input parameters of the SM are the ne structure constant , the The electromagnetic charge of the fermion Q f and the vector and axial charge" de ning in formula 17 are given by :
We summarize in table 1, the electroweak coupling of particles and the third component is the axial electromagnetic current at the electron vertex, the vector part is already de ned in section 2. where the expansion is restricted to the SU3 F avor space. The physical current are the matrix elements of these operators between the initial jp jn and nal states jp 0 jn 0 . We m ust evaluate the matrix elements x 0 j f f jx and x 0 j f 5 f jx where x is a proton p or a neutron n. A t this stage of theoretical development w e still do not have a reliable method for calculating such a matrix element. We then de ne the avor form factors:
As explained before, we ignore the e G f;x P form factors. There then are a total of eighteen form factors. This number of form factors is reduced if we assume the charge symmetry between protons and neutrons isospin symmetry. As we will show in the next subsection, the neutral vector current form factors which e n ter explicitly in the expression of the asymmetry for the proton are Using the equations 32-37 it is possible to express the form factor associated to the u and d quarks in terms of the electromagnetic proton and neutron form factors and the s quark vector current form factor. The spin dependent structure function g 1 x of the nucleon has been measured in deepinelastic lepton scattering experiments. In rst order, the rst moment of the proton , The expressions given above are obtained within the tree level approximation. Radiative corrections may modify these expressions. It is not the subject of this talk to discuss them in detail. To calculate accurately these radiative corrections is a very di cult task. Some Feynman diagrams taking into account such corrections are displayed in Fig.6 . The rst corrections occur at the quark level but it is also possible to consider the interaction of low momentum virtual s s pair with valence quarks to form strange hadronic intermediate states K;; ; : : : . The distinction between the considered processes is not rigorous, there may be some double counting, missing contributions and trouble with gauge invariance. In agreement with these values, it is believed that the radiative corrections for the terms involving the vector form factors are small and well known.
The radiative corrections to the axial proton current in electron scattering are substantial. To the single quark radiative corrections, some additional terms have been computed on the basis of an e ective eld theory. They correspond to the anapole moment of the proton which is the e ect of the parity-violating coupling of the photon to the proton. 
Elastic Electroweak Scattering and Strange form factors
The transition amplitude of ep elastic electroweak scattering is the sum of the electromagnetic amplitude EM due to the exchange of a virtual photon and of the neutral current where + is the cross section associated with incident electron with an helicity equal to 1 2 and , is the cross section associated with incident electron with an helicity equal to -1 2.
The expression of the asymmetry on the proton is given by: The expression for the asymmetry in the electron scattering on the neutron is very similar to the proton case: = 0 because the nucleon has no net strangeness. One might hope to extract informations on the strange vector current form factors by analyzing the parity violating scattering data from the measured asymmetry which is model-independent. In table2, are given some theoretical estimates for s and s .
Many theoretical predictions Poles t, Kaon loops, SU3 Skyrme : : : for low-Q ", and " 00 and the electromagnetic form factors using the parametrizations discussed in the previous section.
To illustrate the sensitivity of the measured asymmetry with these coe cients, we display in At v ery forward angle, the contribution of the axial form factors should be very small and we expect to measure a combination of the electric and magnetic strange form factors. At backward angles, the contribution of the axial form factors non strange and strange can be substantial. In this case, with a single measurement, it will be di cult to extract the value of the electric and magnetic strange form factors G s E and G s M . The measurements on both proton and deuterium targets is a possibility to disentangle in extracting the di erent form factors.
In table 3, the di erent kinematics of proton parity-violation experiments are displayed. Since one is attempting to measure a small asymmetry, it is essential that the experimental conditions beam properties remain as identical as possible when the helicity i s reversed. There are many steps taken to insure this goal. In this talk, I will not enter into the details of all the experimental techniques applied to minimize the false asymmetries which can occur.
In the following part of the section we give recent results concerning the SAMPLE and HAPPEX experiments. Let us mention two recent o verview reports 45, 46 in which many experimental details can be found. Afterwards, we discuss the physics of PVA4 and G0, we describe the experimental set-up and give some simulation of physics backgrounds for these upcoming experiments.
RECENT RESULTS

SAMPLE
The SAMPLE experiment 35, 3 6 , 3 7 took place at the MIT-Bates Linear Accelerator Center. It was the rst experiment to determine the weak neutral magnetic form factor of the proton. The goal of this experiment w as to measure G This value is very large and is of the opposite sign predicted by most of theoretical models.
To minimize the uncertainties on the radiative corrections, the asymmetry was measured on the deuterium 37 . The value is given by We notice that the rst uncertainty is a combination of the statistical and systematic uncertainties and the second is due to the uncertainty in the other electromagnetic form factors.
Using the results of a di erent recent G . The experiment will use the same beam and target con guration of HAPPEX but at a scattering angle of lab =6 HAPPEX II.
PVA4
Polarized electrons at a polarization between 75 and 80 are produced via photoeffect from strained layer Ga-As-Crystals. The electrons are then accelerated in the Mainz Microtron accelerator MAMI to an energy of 0.855 GeV. The electron then hits the high cooling power, high ow liquid hydrogen target. The energy of the scattered particles is then measured in a absorbing PbF 2 Cerenkov shower calorimeter. The Luminosity is measured under small angles behind the target. Fig.9 . This spectrum shows a large elastic peak with some additional events above the threshold. Without 19 taking into account of the response of the detector, the study of this background has been performed in the angular range 30 e 40 47 . Besides the contribution of the elastic radiative tail, the photons coming from high energy 0 decay contribute to this background. The rate, which is small as compared to the elastic peak, is shown in Fig.9 
G0
The goal of the G0 experiment 43 is to measure forward proton asymmetries for 0:12 Q The experimental apparatus consists of a superconducting toroidal magnet to focus particles from a 20 cm liquid hydrogen target to an array of plastic scintillator pairs Fig.10 .
In the phase I, forward angle asymmetries will be measured by detecting the recoil protons Fig.12 . As the proton is heavy compared to the electron, the maximum energy of the proton in the inelastic channels is not very di erent at least for 1 pion electro-production from the energy in the elastic channel.
Our colleagues from Grenoble 48 have shown in a dedicated experiment with the SOS spectrometer that for the strongly inelastic protons, the most part of the background comes from the photoproduction of one or more pions due to the bremsstrahlung photons see Fig.13 .
For the inelastic protons with momentum close to the elastic events, we need an accurate generator for inclusive electroproduction reactions.
In the energy range 0:2 E 3: GeV of forward G0, there is no reliable theory model to predict such cross-sections. At electron energy lower than 1 GeV, where e ective lagrangians are good and are able to reproduce such inclusive cross-sections 49 , we h a ve shown that using the photo-production cross-sections with a virtual ux is a very good approximation. Extending this assumption in our energy range, we h a ve developed a model to calculate the proton inclusive cross-sections 50 using the photo-production data 51 . In In the phase II, the electrons scattered on hydrogen and deuterium targets will be de- The backward detection will require improved particle identi cation to separate electrons and , mainly in the deuterium measurements.
Summary and conclusion
The experimental program of studying parity violation in polarized electron scattering will provide new and exciting informations towards a complete understanding of nucleon structure in the framework of QCD. The forthcoming data from PVA4, HappexII and G0 w ould have the sensitivity to establish the presence of the strange quark in the nucleon. 
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This can be done by measuring the PV asymmetry in + photoproduction from a proton target near threshold and the predicted asymmetry is about 0.2 ppm.
